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AMENDMENT FILED CONCOMITANT WITH RCE 



The rejection to the claims is based essentially on a 
difference in the understanding of certain terminology used in 
the claims- Although applicants do not accept the Examiner's 
position and provide some additional evidence as discussed 
briefly hereinbelow^ to avoid the issue ^ applicants have 
incorporated into the claims,, a definition of the terms which is 
consistent with their intended meaning as explained in the last 
AMENDMENT, and is also described in detail in the specification 
on pages 21 and 22. With respect to the definition now being 
used, applicants note especially the discussion on page 21 in the 
last paragraph; and also the methods for confirming the constant 
drying rate period and the falling drying rate period discussed 
in the third paragraph on page 22 (that is by measuring the 
surface temperature). The method in the last paragraph on. 
page 22 which involves directly measuring the water content, is 
also noted. 

In view of the clear definition of the terms described in 
the specification and their incorporation into the claim, it is 
submitted that the issues raised by the Examiner are avoided. 
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As evidence that these definitions are consistent with the 
understanding in this art, there is annexed hereto some pages 
from a textbook entitled "MODERN COATING AND DRYING TECHNOLOGY" 
which support applicant's position and to which the Examiner's 
attention is directed. In particular^ at page 275, the last 
section refers to a "constant rate." This section includes a 
definition of the "constant drying rate phase" as the period in 
which the rate of evaporation remains constant. There is an 
explanation provided including an explanation that the heat input 
is available to evaporate the solvent and therefore an increase 
in heat input increases the drying rate and vice versa- As is 
further explained in the last several lines on page 275^ the 
"temperature equilibrates at a level that balances the rate of 
heating with the rate of evaporative cooling." The falling rate 
is described in the section beginning near the end of page 276 
and includes a typical drying curve on page 277 showing the 
constant rate and the falling rate (note that the curve is read 
from right to left with respect to a decrease in moisture 
content) . 

Referring to the AMENDMENT filed October 27, 2005, the art- 
related rejections are based on the Examiner's interpretation of 
the meaning of the claims which applicant believes is not 
correct. However, with the introduction of the definitions from 
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the specification, applicants' arguments, as previously 
presented, are supported by the terms as defined in the claims 
(as well as the specification) • In view thereof, it is requested 
that the earlier arguments be re-considered and that a favorable 
action on the merits be issued. 

In view of the above, it is submitted that the present 
invention is not shown or suggested by the cited art. Withdrawal 
of the rejections and allowance of the application are 
respectfully requested. 



Enclosure: Pages from "MODERN COATING AND DRYING TECHNOLOGY" 



New York, NY 10001-7708 
Tel. No. (212) 319-4900 
Fax No. : (212) 319-5101 
MJC/ld 



220 Fifth Ave., 16th Floor 



Frishauf, Holtz, Goodman 
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commonly used, but a chart c&xk be coxtstriicieii for any gas-va- 
por ayfitem. 



One approach to analyzing the drying pioceas is to recognize 
that It is actually composed of at least four distinct and easily 
identifiable processing regions: ptedryen constant tate, falling 
rate, end equilibration. Coating behavior differs In these regions 
so we will consider thera separately in tho following sec- 
tions. Although moat of the drying occurs in the constant and 
falling rate zones, the hehavior in the other regions can aleo be 
important. 

We can examine the nahire of these regions by following 
the temperature behavior of the coating as It leaves the applica- 
tor and is CBiried through the dryar and wound up. Figure 7.2 
identifies the charaoterlBtlce of a typical plot of the drying re- 
gimes. In this figure, the bulk average flhn temperature of the 
coating is plotted versus the dryer length. Beceuaa wo know the 
coating speed, this plot can also be ahown as residence time ver- 

*' sus temperatures. 

The coating used in this exampl« rapreaentfl a gelatin type 
that Is coated above the gi9lation point. After the coating ia ap- 
plied, it cools In the transition region, then enters the dryer to 
be dried In a series of drying zones. The constant tempotatures 
* Indicate the constant rate 2one. The coating then enters the fall- 
ing rata zone, as IndicatBd by the temperature^ which continues 
to rise until all the solvent Is removed, and then paaBes into the 
equilibration zone. The conceptual clarlQr of this process pro- 

. vides another eacample of the benefit of using the heat transfer 



7.3 Drying Regiines 



analogy. 



Figure 7^ 
Drying regimes. 
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The length of the falling wte compnred to the constant rata 
period dependa on iho nature of the coating* that la. the binder, 
solvent, concentration diffusion oharacterlstiCB. end nature of 
die dryer. For a water solvent, the coating film temperature 
would approximate the wet bulb temperature in a constant rate 
period for a single-sided dryer and it would be Bignlflcantly 
higher in the falling rate period. 



7,3.1 Predryer 

In most applications coating sohitiona are applied and then the 

wab movea into the dxyer« With low volatility solvesits, such as j 

water, and in low temperature environmonto^ little drjang occurs 

in the coating region. However, with volatile Rolvents dxylngcan 

take place on the applicator, such aa on the slide of a coating bar, 

or in die curtain. In Bome processes, such aa apln coating, drying 

and coating occur simultaneously. 

The space between the coater and the dryer Is often over- 
looked as part of the process. Yet this can be a key area, partic- 
ularly wheii defects are being created in the coating* Depending 
on air conditions and solvent volatility, some drying can occur 
here. Ambient, poorly controlled air can Introduce variability, ^ 
and if the air is not as clean as the drying air. contaminants that . 
ureate nonnniformities can bo introduced Into the coating in this 
transition region. This can also be the area in which the levelling 
process starts. ) 



7.3.2 Constant Rate 

Tha proper definition of the constant drying rata phase is exactly 
what the term says: a period in which the rate of evaporation 
rsmains constant. Here the rate of drying Is limited by external 
mass transfer reiieiatance« but the rate of drying can vary with dis- 
tance (if the dry bulb and wei bulb temperatures differ in diff er^ 
ent zones) and with time (as the web temperature is approaching 
Its equilibrium value, the weh should be stated to be In a tran^ 
sitional phase with external mass transfer llmitationi* In this re- 
gion, all of the heat input is available to evaporate the eolvent, 
which can move freely to the surface bo\mdBry layer where it 
can bo carried away. Increasing the heat, input increases the 
drying rate and reducing it lowers the rate. 

Although the division between constant rate and falling 
rate periods is conceptually attractive, such a distinction ovex^ 
simpllfles reality- Consider the drsring process iUuatratod in Fig- 
ures 7.3 and 7.4. The coating enters the dryer with a high solvent 
concentration and at a low temperature, after the initial chilling. 
At the entrance temperature, the vapor prosaure of solvent over 
the coating and the rate of evaporation are low. Meanwhile, be- 
cause Ihe entry temperature is low, tho rate of heating is high, so 
the wob temperature increases. As the coating heats, the vapor 
pressure, drying rate, end rate of evaporativo cooling all rise. The 
temperature equilibrates at a level that balances the rate of heat- 
ing with the rate of evaporaUvo nnnling. If the drying rate re- 
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Figure 7,3 

NondlffuBion limited 
dxying curve. 
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mflinfl oonfftant at this point, we eay the web has entered a con- 
fltant drying rate period. The period durlag which the web 
temperature adjuets to its equilibrium level constitutes a transi- 
tion periofi. 

Figure 7.4 shows the rate of drying to be largely indepen- 
dent of solvent coucantration over a significant concentration 
range. If dr3ring In the constant rate period is limited by external 
mass transport, the solvent vapor pressure must be constant 
thTOUghout a drying zone In the constant rate period. At some 
point* the drying rate falls — either through the development of a 
rateJixniting internal mass transfer resistance or through a drop 
in the vapor pressure of the solvent over the coating* This point 
marks the start of the falling rate period. If the dryer is divided 
into zones operating under different dryer conditions, a transi- 
tion period occurs at the start of each zone, lypioally, these tran- 
sitions last only a few seconds^ although some thin-coatings may 
enter the falling reie period before a conatant drying rate can be 
established. 



7.3,3 Falling Rate 

In one sense the falling rate period is more universal than the 
constant drying rate period* In the falling regime, mass transfer 
within the coating becomes a limiting factor, and with constant 
heat input, the temperature rises and the drying rate decreases* 
All materialfl exhibit falling rate behavior at some degree of dry- 
ness, but many coatings show no sign of a constant drying mte 
period. On the other hand« although the physics of constant rate 
drying are nearly universalt the mechanisms of drying in the fell- 
ing rato period ore more varied and more complicated. Figure 
7.5 illustrates a single falilng rate period as expected for internal 
diffusion limited drying. If the aoivent is strongly oomplexed 
with the binder (or chemlsorbed onto the surface of included 
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solids), tb9 rate of solvent loss may not follow this simple pic- 
ture- Errode et ah (1988) Indicate that in extreme cases, dryinx 
may proceed at a rate given as a sum of several exponentials, 
with radicaliy different time constants, representing desoxjition 
Irom a number of bound states in the solid. The surfaoe can also 
dry out and form a skin of the dried coating which will severely 
rotard drying, fhxie producing a falling rate type drying rate 
cur^e (Figure 7,5), 

7.3.4 Equilibration 

Some dryers also have an additional zons after the main drying 
zones where the ooating is treated before being wound up. Usu- 
ally, this low air velocity, relatively cool zone provides residence 
time in which the coating can equilibrate with ambient adr. 
IVeatment may involve a process of either molfituro removal or 
addition. For examplet for water-sensitfve rxiatings, such as gel- 
atin, moisture Is added to the film* and the film equilibrates with 
normal room conditions for storage because coatings can become 
very dry in the bulk drying zones. For processes that include a 
miring function. Iieat or some other form of energy can be intro- 
duced to provide the energy end residence time needed for the 
curing reaction. 

These processes can also take place In the space between 
the end of the dryer and the winding roll. They do not require a 
formal dr3ring zone. Normal ambient conditions can affect the 
web both in terms of equilibration and defects. If atr^bome con- 
taminants are blown onto the web. they can lead to film defects 
after the film is dry. 



7p4 Hardware 

Most web drying , technology has originAted and been demon- 
sfxatad in the paper and printing industries before migrating to 
other industriea based on products that use precision thin fihns,. 
such as photographic film, photopolymers, or magnetic tape. 

Figure 7.6 gives en overall view of the evolution of dryer 
process hardware. The values of the heat transfer coefficient for 
several dryer configurations ace plotted in this figure as o func* 



PAGE 17/18 * RCVD AT 11/30/200» 2:14:03 PM (Eastern Standard Tbne] " SVRcUSPTO-EFXRF-S/sr * DN18:2738300 * CS\0:^^ 212 319 5101 * DURATION (mm-ss): 10-04 



NOV. 30. 2005 2:27PM 



+1-212-319-5101 customer 01933 



NO. 3607 P. 18 



This book is printed on acid-fiee papwr. @ 
Copyright ® 1992 by WUey-VCH. Inc. All rights weived. 
Originally published as ISBN N56081-<»7-l. 
Published sia^ultmeonsly in CamdB. 

No pan of this publioatton may be ropioduoed, stared hi a mrieval system or transmitted In any 
&rm Of by my means, electronic^ meohanloal, photocopying, reoording, scanning or otherwise, 
exeept as permitted under SecQons 107 or 108 of the 1976 United States Copyright Act, without 
either the prior written pemitsslon of ttc Publisher, or authorization through payment of the 
approtmate por-copy fee to the Copyri^ CleaiBnce Center, 222 Rosewood Drive, Danvers MA 
01923. (978) 750-WOO, fax (978) 750^744. Requests to the Publisher fer permissidn should be 
addressed to the Pennlsslons Department, John Wiley A Sons, Inc., 605 Third Avenue, New Yori 
NY 101S8-O012. (212) 850^11, fiix (212) 850^008. E-Mail: PBRMREQ@WILBY.COM. 

Ubmy ofCoi^ress Ottalaging^ntbOeaiton Data: 
Modem coating and drying bchnology / edhors, ' 
Edward D. Cohen and Edgar B. OutofC 

p. om^--<InteiftciBl engineering series)- 
Basedon a2-dey course organized for the AlChE Spring 
National Meethig in Orlando, FU Mar. 1990^ held in oonlunotion 
with the Fifth Biennial Jntemationai Symposium on the 
Meciianies of tliin Film CoatiDg, 
Includes bibliographical refimneas and index. 
ISBN 0-471-18806-9 

L CoatiDe--<k)ngresses. 2. Dry bg— Congresses. L Cohen, 
Edward D. II. Gutof!^ Edgar B. HI. Series. 
TP156.C57157...1992 



«67\9— dc20 " 



92-7737 
CIP 



Printed In the United States of AmorioL 




10 9 B\7 frsS 4 3 2 




PAGE 18/18 ' RCVD AT 1 1/30/2005 2:14:03 PM [Eastern Standard Tbne] " 8VR:U8PTO-EFXRF-6/37 * DNI8:2738300 • C8ID:4-1 212 310 5101 ' DURATION (mm-ss):10^ 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY,8C?ALE DOCUMENTS 



lisTLlNES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




